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MECHANISMS AND CLINICAL PERSPECTIVES  
OF ALLERGEN-SPECIFIC IMMUNOTHERAPY

Abstract. Introduction: Allergic rhinitis (AR) is a prevalent condition in Kazakhstan, characterized by high 
sensitization to weed pollens, particularly Artemisia, with sensitization levels significantly exceeding those 
observed in Europe. AR often leads to complications such as bronchial asthma (BA) and other respiratory 
conditions. The “unified airways” concept emphasizes the interconnected nature of upper and lower air-
way inflammation, with ASIT showing promise in mitigating these effects.
Materials and Methods: A systematic review included 51 articles published between 2013 and 2024, se-
lected from databases such as PubMed and Scopus. Studies focused on ASIT in AR and the role of vitamin 
D. Inclusion criteria required full-text original research and systematic reviews in Russian and English, 
specifically addressing allergen-specific immunotherapy.
Results and Discussion: ASIT promotes immunological tolerance through mechanisms such as suppression 
of Th2 activity, increased IgG4 production, and reduced effector cell activation. Vitamin D, particularly 
25(OH)D, plays a pivotal immunomodulatory role, supporting Treg and Breg cell function, and mitigat-
ing allergic inflammation. Clinical trials demonstrate that vitamin D supplementation enhances ASIT out-
comes, especially in pediatric patients.
Conclusion: Integrating cholecalciferol into ASIT protocols enhances efficacy and safety by addressing 
vitamin D deficiency, a factor linked to more severe allergic diseases. This highlights the importance of 
personalized treatment strategies combining ASIT with vitamin D supplementation for optimal outcomes.
Key words: allergic rhinitis, allergen-specific immunotherapy, vitamin D, tolerance.

Introduction

Allergic rhinitis (AR) in the Republic of Kazakh-
stan (RK) is characterized by a distinct pattern of 
sensitization to causative allergens, with a trend to-
ward increased sensitization to weed pollens, partic-
ularly Artemisia (wormwood) [1,2]. The intensity of 
sensitization to these allergens exceeds by a million 
times the levels recorded in Central Europe and the 
European part of the Russian Federation [3,4]. One 
of the most common pollen allergens in Europe and 
North America is Timothy grass [5]. Other studies 
indicate that birch pollen is a frequent cause of pollen 
sensitization[6].Sensitization to aeroallergens affects 
at least 40% of the population in Europe, the USA, 
Australia, and New Zealand[7].

In the absence of timely treatment, AR often 
leads to the development of associated conditions 
such as allergic conjunctivitis, bronchial asthma 

(BA), chronic sinusitis, Eustachian tube dysfunc-
tion, nasal polyposis, serous otitis media, and oth-
er respiratory diseases[8,9]. The most common 
complication of AR is BA, affecting 10–40% of 
the population[10]. A history of AR in children 
increases the risk of developing bronchial asth-
ma threefold by the age of 20–40 years and four-
fold by the age of 12–20 years[11]. The concept 
of “unified airways” suggests that inflammation in 
the upper airways also impacts the lower airways 
[12,13]. Research has demonstrated that treating 
the inflammatory process in the nasal mucosa has 
a concurrent therapeutic effect on inflammation in 
the lower airways, leading to a reduction in asthma 
symptom severity[14].

Research Objective-To investigate the role of 
allergen-specific immunotherapy (ASIT) in allergic 
rhinitis (AR) and the potential role of vitamin D in 
ASIT.

https://doi.org/10.26577/appmed2024v5i21
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Materials and Methods

Russian- and English-language articles were an-
alyzed using search engines such as CyberLeninka, 
PubMed, Scopus, Google Scholar, and e-Library. 
Searches were conducted with relevant keywords 
and medical subject headings (MeSH terms) among 
materials published from 2013 to 2024. A total of 51 
articles focusing on ASIT in AR and the role of vi-
tamin D in ASIT were included in the review. The 
initial search yielded 543 articles, of which 51 met 
the inclusion criteria and were incorporated into this 
analysis.

The inclusion criteria for articles retrieved from 
Russian-language search engines required full-text 
original studies, systematic reviews, or reports using 
the following keywords: allergen-specific immuno-
therapy, allergic rhinitis.

Results and Discussion

Current Perspectives on the Mechanism of Al-
lergen-Specific Immunotherapy

Allergen-specific immunotherapy (ASIT) is a 
disease-modifying treatment with a high level of ev-
idence (Ia) and a grade A recommendation [15]. The 
clinical efficacy of ASIT is demonstrated by the re-
duction in the severity of allergic rhinitis (AR) symp-
toms, decreased need for anti-allergic medications, 
prevention of polysensitization, and reduction in the 
risk of developing bronchial asthma (BA) in AR pa-
tients, ultimately improving their quality of life. The 
core of the method involves the systematic adminis-
tration of gradually increasing doses of the allergen 
responsible for the clinical manifestations of the dis-
ease. This approach induces specific hyposensitiza-
tion, promoting the development of immunological 
tolerance to the causative allergen [16]. 

Globally, subcutaneous immunotherapy (SCIT) 
and sublingual immunotherapy (SLIT) are the most 
widely used ASIT methods. SCIT is administered by 
an allergist exclusively in a specialized medical set-
ting[17]. Following each injection, the patient must 
remain under medical supervision for at least 30 min-
utes due to the potential risk of systemic adverse re-
actions [18]. 

Recently, SLIT has gained popularity due to its 
convenience and favorable safety profile[19]. The 
first dose of SLIT is administered under the super-
vision of a physician, after which patients follow a 
prescribed regimen independently, with periodic 
follow-up visits. According to international guide-
lines and clinical recommendations, ASIT should be 

conducted for 3–5 years to achieve sustained results, 
although initial therapeutic effects are typically ob-
served within the first year [20]. 

ASIT promotes the development of immunologi-
cal tolerance through several mechanisms:

1. Induction of Early Desensitization of Mast 
Cells and Basophils;

2. Induction of Allergen-Specific T-Regulatory 
(Treg) and B-Regulatory (Breg) Cells: ASIT pro-
motes the development of Treg and Breg cells, which 
suppress allergen-specific effector T-cell subpop-
ulations. These regulatory cells secrete IL-10 and 
TGF-β, key mediators of immune tolerance[21];

3. Regulation of Allergen-Specific Immunoglobu-
lin Levels: ASIT reduces the concentration of specific 
IgE (sIgE) while enhancing the production of specific 
IgG4 (sIgG4) and IgA (sIgA). This shift supports the 
suppression of allergic inflammation and the estab-
lishment of tolerance [22];

4. Reduction in Effector Cell Activity in Target 
Organ Mucosa:ASIT decreases the number and ac-
tivity of effector cells, such as mast cells, basophils, 
and eosinophils, in the mucosa of target organs. It 
also reduces basophil activity in peripheral blood, 
contributing to a reduced allergic response[23]. 

Understanding these mechanisms underlying the 
induction and persistence of immunological toler-
ance is key to developing new, more effective strate-
gies for individualized therapy, as well as to identify 
prognostic biomarkers of clinical response [24].

Induction of Early Desensitization 
ASIT suppresses the early phase of allergic reac-

tions by selectively modulating histamine receptors, 
which decreases the sensitivity of mast cells, eosino-
phils, and basophils to degranulation despite elevat-
ed levels of specific IgE (sIgE). Studies on the early 
phase of tolerance induction show that within the first 
six hours, histamine receptor regulation suppresses 
basophil activation and mediator release. Histamine 
receptors also exhibit strong immunoregulatory ac-
tivity on T cells, dendritic cells, and basophils[25]
[26].

T-Regulatory (Treg) and B-Regulatory (Breg) 
Cells

Treg and Breg cells, which produce interleu-
kin-10 (IL-10), are key players in the establishment 
of immunological tolerance. These cells inhibit type 
2 helper T-cell (Th2)-mediated allergic responses 
through IL-10 secretion, reducing inflammation and 
promoting tolerance. Treg cells play a central role in 
the success of ASIT, with a significant correlation 
observed between symptom improvement and Treg 
cell counts during therapy. Their immunosuppressive 
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functions include direct interactions with Th2 cells 
and inhibition of IL-4, IL-5, IL-9, and IL-13 produc-
tion. Additionally, Treg cells secrete IL-10 and trans-
forming growth factor-beta (TGF-β), which shift the 
immune response from IgE to IgG4 and IgA, stabiliz-
ing early desensitization effects and sustaining them 
for weeks after therapy initiation [27][28][29][30]. 

Breg lymphocytes are activated earlier during the 
allergic reaction and play a critical role in recruiting 
Treg cells into the immune response. Similar to Treg 
cells, Breg lymphocytes are significant sources of IL-
10 and TGF-β, which suppress Th2 proliferation and 
exert their effects through direct cell-to-cell interac-
tions. These mechanisms enhance the production of 
IgA, IgG1, and particularly IgG4, whose concentra-
tion increases by 10–100 times during ASIT.

Breg lymphocytes maintain the balance necessary 
for the development of immunological tolerance and 
regulate excessive inflammatory responses through 
IL-10 secretion. IL-10, in turn, inhibits pro-inflam-
matory cytokines and supports the differentiation of 
Treg cells, reinforcing the regulatory network essen-
tial for effective and sustained tolerance [31]. 

Effect on IgE and IgG4 Production
A key mechanism underlying the development 

of immunological tolerance during ASIT is the shift 
in immune response from the production of spe-
cific IgE (sIgE) to the production of specific IgG4 
(sIgG4) [32]. Several studies confirm that an increase 
in serum sIgG4 levels during both the early and late 
phases of therapy is associated with clinical improve-
ment and plays a critical role in the development and 
maintenance of the long-term effects of ASIT [33].

sIgG4 prevents the binding of IgE to mast cells 
and basophils, thereby blocking immediate aller-
gic inflammation [34]. Furthermore, sIgG4 inhibits 
IgE-mediated allergen presentation to T cells, reduc-
ing allergen-specific T-cell activation and the pro-
duction of inflammatory cytokines. This results in the 
suppression of T-cell-mediated allergic inflammation 
and likely limits eosinophil activation [35]. 

Late Desensitization
Late desensitization develops over several months 

from the initiation of therapy [36]. The therapeutic 
effects of ASIT include a reduction in the number of 
mast cells and eosinophils in tissues and an increased 
activation threshold for eosinophils and T cells [37]. 
This leads to decreased nasal, bronchial, and skin re-
activity to allergen provocation, which underpins the 
efficacy of the therapy [38]. Successful ASIT raises 
the threshold concentration of allergens required to 
induce immediate reactions or late-phase allergic in-
flammation in the target organ. Additionally, ASIT 

suppresses both allergen-specific and non-specific 
tissue hypersensitivity.

The primary mediators of immunological toler-
ance are interleukin-10 (IL-10)andtransforming 
growth factor-beta (TGF-β). IL-10 is produced 
by nearly all leukocyte types, including Treg, Breg, 
monocytes, and, to a lesser extent, macrophages, nat-
ural killer cells, and dendritic cells [39].The induc-
tion of immunological tolerance to allergens during 
ASIT involves multiple mechanisms, including the 
suppression of Th2 activity, inhibition of IL-4 and 
IL-5 production, and initiation of Treg cell differ-
entiation. It also promotes a switch in plasma cell 
synthesis from IgE to IgG4, thereby reducing sIgE 
levels, and inhibits the expression of IgE receptors 
on mast cells. Notably, studies have demonstrated a 
correlation between elevated IgG4 levels and IL-10 
concentrations in the blood, highlighting the role of 
IL-10 in mediating these effects.[40].

TGF-β, predominantly synthesized by Treg cells, 
plays a crucial role in establishing immunological 
tolerance during ASIT. Although TGF-βis also pro-
duced by eosinophils, Breg, epithelial cells, fibro-
blasts, and macrophages, Treg cells remain its prima-
ry source. The main effect of TGF-β is mediated by 
inhibiting the proliferation and differentiation of B 
cells, which enhances IgA and IgG4 secretion while 
suppressing Th2 activity [41]. IL-10 and TGF-β in-
hibit the recruitment of effector cells (eosinophils 
and basophils), thereby limiting local inflammatory 
responses. A key property of their tolerogenic activi-
ty is their ability to suppress the expression of major 
histocompatibility complex (MHC) class II mole-
cules and co-stimulatory molecules on antigen-pre-
senting cells (APCs), effectively blocking the further 
development of immune responses to allergens [42]. 

The Role of Cholecalciferol in Allergen-Spe-
cific Immunotherapy

Vitamin D has been established as a participant 
in allergic processes and is regarded as an immu-
nomodulator that influences dendritic cells (DCs), 
macrophages, T cells, and B cells[43]. Activated 
B lymphocytes, T lymphocytes, and myeloid an-
tigen-presenting cells (APCs) can synthesize bio-
logically active calcitriol from 25-hydroxyvitamin 
D (25(OH)D), an inactive precursor. Receptors for 
25(OH)D have been identified on blood monocytes, 
as well as on activated T and B lymphocytes. In this 
context, T lymphocytes become direct targets for the 
active form of vitamin D, which exerts regulatory ef-
fects on circulating chemokines and cytokines [44]. 

25(OH)D suppresses the differentiation, matu-
ration, and immunostimulatory activity of DCs by 
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blocking the expression of MHC class II molecules. 
Physiological levels of 25(OH)D support tolerogen-
ic DCs that produce IL-10 [45]. Moreover, 25(OH)
D helps maintain the balance between Th1 and Th2 
cells. Some studies indicate that 25(OH)D deficien-
cy may result in increased Th2 activity, decreased 
Treg activity, and reduced IL-10 production. Ade-
quate 25(OH)D levels in the blood contribute to the 
suppression of IgE production and enhanced IL-10 
secretion by B lymphocytes. The immunomodulato-
ry effects of 25(OH)D may be dose-dependent: stan-
dard doses inhibit Th1 and Th2 cytokine production, 
while high doses might amplify the Th2 response 
[46].

Over the past decade, there has been an increase 
in research exploring the relationship between 25-hy-
droxyvitamin D (25(OH)D) levels in the blood and 
the development and severity of allergic diseases. 
Studies have demonstrated a correlation between 
serum 25(OH)D concentration and the condition of 
patients with allergic rhinitis (AR). It has been es-
tablished that the prevalence of severe 25(OH)D de-
ficiency is significantly higher among AR patients 
compared to the general population [47,48]. Re-
search suggests that 25(OH)D deficiency may lead 
to eosinophil activation and the release of elevated 
levels of eosinophilic cationic protein, which, in turn, 
exacerbates nasal mucosal inflammation in AR pa-
tients [49]. 

Several clinical trials have demonstrated that the 
addition of cholecalciferol plays an important role 
in the prevention of allergic rhinitis (AR), bronchi-
al asthma (BA), and other allergic diseases. A study 
evaluating the efficacy of cholecalciferol as an ad-
juvant combined with sublingual immunotherapy 
(SLIT) for pollen and dust mite allergies in children 

showed high safety and efficacy. Patients who re-
ceived daily oral cholecalciferol for five months in 
combination with SLIT exhibited significant symp-
tom improvement compared to those undergoing 
SLIT alone [50].

Current evidence supports the critical role of vi-
tamin D in the pathogenesis of allergies and high-
lights the impact of its deficiency on the increased 
risk of developing various allergic diseases, their 
more severe progression, and reduced treatment ef-
ficacy [51]. This underscores the need for a detailed 
examination of 25(OH)D deficiency and insufficien-
cy in allergic pathology and the broader adoption of 
comprehensive approaches that incorporate chole-
calciferol into ASIT treatment protocols to achieve 
optimal therapeutic outcomes.

Conclusion

Allergen-specific immunotherapy (ASIT) re-
mains a cornerstone in the management of allergic 
rhinitis (AR) and other allergic conditions, offering 
a disease-modifying approach that promotes long-
term immunological tolerance. The addition of vi-
tamin D, particularly cholecalciferol, has shown 
promise in enhancing the efficacy and safety of 
ASIT by modulating immune responses and ad-
dressing deficiencies that may exacerbate allergic 
diseases. Current evidence underscores the impor-
tance of maintaining adequate 25-hydroxyvitamin 
D (25(OH)D) levels for improving therapeutic 
outcomes and reducing disease severity. Further 
research is warranted to refine treatment protocols 
that integrate vitamin D supplementation, paving 
the way for more effective and personalized strate-
gies in allergy management.
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FEATURES OF INTERPRETATION OF THE RESULTS  
OF HOLTER MONITORING IN THE AGE CATEGORY 

 OF THE POPULATION

Abstract. The research topic is designated as the features of interpretation of the results of Holter moni-
toring of the age category of patients and attention to these aspects for decision-making. The aim of the 
study is to identify image indicators in the parameters of Holter monitoring in patients in the space with a 
general age population. The article considers the conditions for updating Holter monitoring in screening 
for the risk of developing cardiovascular diseases for the age category of patients both in early prediction 
and in the current state of the cardiovascular system. An information search was conducted in two spe-
cialized information resources: PubMed and TripDataBase. The search was carried out using the PICOS 
methodology with a comparative assessment using the PRISMA methodology. Six studies were provided 
for analysis, including 4 RCTs and 2 cohort studies. The degree of separation of the basic indicators of the 
Holter Diptych in low- and high-frequency modes is noted. Age features are noted in assessing heart rate 
variability. Differences in age-related changes in Holter monitoring indicators in circadian rhythm are also 
noted. All this provides information for practicing specialists on the appointment of Holter monitoring for 
age-related patients.
Key words: Holter monitoring, cardiovascular disorders, age-related health, diagnostics, geriatrics, review.

Introduction

According to UN forecasts, in 2050, life expec-
tancy will be 79.2 years for women and 71.6 years 
for men. For comparison, according to the UN, in 
the world from 2010 to 2021, life expectancy in-
creased from 72.7 to 73.8 years for women and from 
67.6 to 68.4 years for men. By 2050, according to 
the forecasts of the UAPF and the UN, almost ev-
ery fifth Kazakhstani will be aged 60 or older [1]. 
The changes taking place in Kazakhstan suggest the 
need to take into account the problem of population 
ageing in the development of national policies and 
the inclusion of appropriate mechanisms to support 
the elderly population in all social and economic 
programs [2, 3]. In order to improve the quality of 
life of the elderly population, it is important to mon-
itor the physiological characteristics of the health of 
the elderly population. Early diagnosis of functional 
disorders of the body makes it possible to prevent a 
severe course and adverse outcomes in the elderly 
population, which affects the social ecosphere of the 
community and the burden of the health care sys-
tem. One of these prospects is Holter ECG monitor-
ing in the screening mode. Holter ECG monitoring 
is performed to record ECG changes, detect heart 
rhythm disorders, painless myocardial ischemia, va-

sospastic angina, as well as to monitor the effective-
ness of antianginal therapy [4]. Currently, classical 
methods for assessing heart rate variability (HRV) 
are carried out in the modes of time or statistical 
(time domain) and frequency or spectral (frequence 
domain) analysis [5, 6, 7]. Temporal analysis refers 
to a group of HRV estimation methods based on the 
application of statistical programs to the calculation 
of the values of a sample of RR intervals, followed 
by physiological and clinical evaluation of the data 
obtained. Indicators of time domain analysis of 
HRV in Holter monitoring: 

• Mean (ms) – mean value of all RR intervals 
(value inverse of the mean heart rate); 

• SDNN (ms) – standard deviation of all analyzed 
RR intervals; 

• SDNN-i (ms) – 5-minute standard deviation 
mean; 

• SDANN-i (ms) – standard deviation of 5-min-
ute averaged values of RR intervals; 

• rMSSD (ms) – square root of the sum of the 
differences of successive RR intervals; 

• pNN50 (%) – percentage representation of se-
quence RR interval difference episodes greater than 
50 ms; 

• SDSD – standard deviation of difference be-
tween adjacent RR intervals; 

https://doi.org/10.26577/appmed2024v5i22
https://orcid.org/0009-0003-8267-5297
https://orcid.org/0009-0009-0439-1786
https://orcid.org/0000-0002-4506-8530
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• Counts (or NN50 counts) – Total number of 
24-hour differences in adjacent intervals differing by 
more than 50 ms [8].

Mean, SDNN, SDNNi and SDANN reflect the 
analysis of consecutive (consecutive) RR intervals. 
The essence of the rMSSD score is to estimate the 
degree of difference between two adjacent RR inter-
vals. The greater the difference between adjacent RR 
intervals (i.e., the higher the sinus arrhythmia), the 
higher the rMSSD values will be. The pNN50 value 
also reflects the degree of difference between adja-
cent RR intervals, but the main criterion for estimat-
ing is the difference between two adjacent intervals 
by more than 50 ms. This can be with sudden pauses 
or acceleration of the rhythm. The main vector for as-
sessing HRV lies in two polar directions: an increase 
in the parameters of the HRV temporal analysis is 
associated with an increase in parasympathetic influ-
ences, and their decrease is associated with the acti-
vation of sympathetic tone. This terminology is often 
used: “decrease” (LF) or “increase” (HF) variability. 
According to the classical physiological interpreta-
tion, for short sections of stationary recording (small 
5-minute samples), the high frequence (HF) compo-
nent of the spectrum reflects, first of all, the level of 
respiratory arrhythmia and parasympathetic influenc-
es on heart rate. The low frequence (LF) component 
is mainly sympathetic influences, but parasympathet-
ic tone also affects its formation. The ratio of low 
frequencies to high-frequency components (LF/HF) 
is also calculated, which reflects the level of vago-
sympathetic balance [9, 10, 11]:

• high frequence (HF) – waves from 0.15 to 0.40 
Hz; 

• low frequence (LF) – waves from 0.04 to 0.15 
Hz; 

• very low waves (very low frequence) – waves 
of 0.0033–0.04 Hz, 

• ultra low frequence – waves up to 0.0033 Hz.
Spectral analysis is, first of all, a mathematical 

transformation, and not a method specific to medi-

cal and biological research, so the main problem of 
its use in the clinic is the assessment of the physio-
logical and clinical value of the parameters obtained. 
According to the classical interpretation, with in-
creased sympathetic influences (stress test) or para-
sympathetic blockade (administration of atropine), 
the high-frequency component of the spectrum (HF) 
is leveled. In sympathetic blockade, on the contrary, 
low-frequency waves (LF) are reduced [11, 12, 13]. 
The greatest prognostic value in Holter monitoring 
has time parameters (SDNN, RRNN and, possibly, 
pNN 50%), spectral analysis indicators (LF/HF, 
ULF).

Methodology
 
Objective: To assess the effectiveness of the 

physiological consistency of heart rate in the elder-
ly population for the early detection of chronic heart 
failure by Holter monitoring.

To satisfy the search questions, a hypothesis and 
search criteria were formed according to the PICO 
methodology. Based on the criteria, a strategy for 
searching information sources was developed, which 
included the selection of verified databases, key-
words and the formation of a strip-line search. Based 
on the search, a qualitative analysis of the informa-
tion obtained was carried out on the correspondence 
of the title of the article with the subsequent analysis 
of the abstract. The content of the selected informa-
tion on the content of the text was evaluated using the 
PRISMA method. 

Results

 After defining the criteria, a search strategy was 
developed. Studied sources to search for relevant 
peer-reviewed (scientific) literature. 

These databases were searched by domain/aspect 
of the review objective. The search terms are present-
ed in Table 1.

Table 1 – Search terms

Search cases Population/patient Intervention Comparative Result Study design

1
CHF, age popula-
tion, elderly pa-

tients, BCP/VHR

Heart rate, circadian rate, 
heart rate, cardiac moni-

toring, Holter monitoring, 
early diagnosis

Laboratory 
diagnostics, survey

Eff* Review

Saf*
RCT

Cohort Study
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Subsequently, individual studies were select-
ed based on the title and abstract. At this stage, we 
examined the titles and abstracts/abstracts of the 
identified literature to assess their relevance to our 
review.

Subsequently, a critical assessment of the evi-
dence was carried out using the PRISMA method-
ology. Thus, 6 sources of information were selected 
to assess the effectiveness of Holter monitoring in 
the age group of the population for early diagnosis 
of CHF signs.

Results of evidence-based analysis

A search of the database yielded 89 citations 
published up to June 01, 2024 (with the removal of 
duplicates). Articles were excluded based on the in-
formation in the title and abstracts. For further eval-
uation, the full texts of potentially relevant articles 
were received. 6 studies (4 RCTs, 2 cohort studies) 
met the inclusion criteria. 

For each included study, the study design was 
identified and summarized in Table 2, which is a 
modified version of the Goodman study design hi-
erarchy. 

Characteristics of the included studies
Six studies were included in the evidence-based 

analysis. Studies were conducted in 4 different coun-
tries (Japan 3, Belgium 1, Germany 1, Italy 1) and 

included populations of interest (age population, el-
derly patients). Study specimen sizes ranged from 62 
to 276 patients (Table 3).

Table 2 – Group of evidence considered in accordance with the 
study design

Study design Quantity
RCT
Systematic review of RCTs
Large RCT 3
Small RCT 1
Observational Studies
Systematic review of non-RCTs with simultaneous 
control
Non-RCTs with simultaneous control 2
A Systematic Review of Non-RCTs with Historical 
Control
Non-RCTs with historical control
Cross-sectional database, registry or study
Series of cases
Retrospective Review, Modeling
Research presented at the international conference
Expert opinion
Total 6

Table 3 – Characteristics of the analyzed sources

Author, year Country, 
site

Study 
design

Duration 
of the 
study

Population Age
Years

Sample 
size, nb List of all results obtained

F. Beckers et 
al., 2006

Belgium, 
Löven RCT 3 years Adult 

population 18-71 276

Evidence of the involvement of the autonomic 
nervous system in the generation of nonlinear 
fluctuations in healthy people has been found. 
Wandering paths have played a dominant role in 
shaping this complex dynamic. This was expressed 
in higher non-linear behavior at night, when the 
wandering effect is greatest (higher HF power). 
Nonlinear heart rate fluctuations also decrease with 
age. 

H. 
Bonnemeyer 
et al., 2003

Germany, 
Heidelberg RCT 3 years Adult 

population 20-70 166

Normal aging is associated with a permanent de-
crease in modulation of the cardiac vagus nerve 
due to a significant decrease in cardiac parasympa-
thetic activity, which occurs predominantly at night. 
It is possible that a better understanding of the cir-
cadian relationship between autonomic modulation 
of the heart and HRV will provide more predictive 
information than a single measurement of HRV 
over time.
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Author, year Country, 
site

Study 
design

Duration 
of the 
study

Population Age
Years

Sample 
size, nb List of all results obtained

M. Matteucci 
et al., 2003 Italy, Milan Cohort 

study 3 года Adult 
population 20-76 63

Evaluation of the effectiveness of HRV as a predic-
tor of age may lead to the identification of a novel 
biomarker of aging and thus may be useful for 
screening purposes and for identifying cardiovas-
cular differences between healthy young and adult 
subjects and healthy centenarians

S. Sakata et 
al., 1999

Japan, 
Nagoya RCT 3 years Adult 

population 21-79 62

It was found that the simple assumption of the 
power law makes not only the method of spectral 
analysis, but also the analyzed frequency band, 
both of which could affect the resulting spectral 
exponent. The non-harmonic components of HRV 
observed in different frequency domains can differ 
from each other not only in mathematical proper-
ties, but also in physiological origin. 

H. Tasaki et 
al., 2006

Japan, 
Nagasaki RCT 15 years 

(interval)
Adult 

population 14-87 164

In healthy older adults, we showed a paradoxical 
dissociation between 24-hour mean and hourly 
heart rate (or mean UA) and HRV (or HRV) with 
aging. Moreover, with regard to the circadian 
rhythms of HR/UA and HRV in healthy elderly pa-
tients, a strong correlation between hourly HR/UA 
and HRV/HRV persisted not only in the first period, 
but also 15 years later, regardless of the common 
concept of waning trends throughout HRV with 
age. In addition, the amplitude of HRV increased in 
the morning hours with age, when the HRV/HRV 
balance leaned toward sympathetic neural activity 
in the circadian rhythm.
These features of age-related changes in HR/UA 
and HRV/HRV may be characteristic of the elderly 
and are associated with their susceptibility to car-
diovascular events in the morning.

Yo. Yamasaki 
et al., 

Japan, 
Osaka

Cohort 
Study 3 years Adult 

population 20-78 105

The present study clearly shows that sympathetic 
function is expressed in young, healthy males 
and that sympathetic function declines more 
linearly with age than parasympathetic function. 
In addition, parasympathetic function is relatively 
preserved in older females compared to older 
males. These results provide basic information 
for assessing the impairment of the autonomic 
function of the heart and its modulation due to 
aging and sex differences. A daily assessment 
of the heart’s sympathetic and parasympathetic 
function using frequency area analysis of a 24-hour 
ECG recording can be a useful tool for assessing 
autonomic nerve dysfunction in a variety of 
diseases.

TOTAL

4 (Japan – 
3, Belgium 

– 1, 
Germany – 
1, Italy – 1)

2 (RCT 
– 4, 

Cohort 
Study 
– 2) 

18-87 62-276

Continuation of the table



13

Y.T. Tolegenov et al.

In the studies, criterion indicators were of partic-
ular importance, which reveal the significance of the 

results obtained and the trend in the practical appli-
cation of the conclusions of the study (see Table 4). 

Table 4 – Spectrum of analyzed indicators in the study

Author Theme Purpose Criterion Indicator

F. Beckers et 
al., 2006

Aging and 
Nonlinear Heart 
Rate Control in a 

Healthy Population

1 – to study the influence of 
gender and age on nonlinear 

indices; 2 – to study the changes 
of day and night in nonlinear 

indices; 3 – correlate traditional 
time and frequency domain HRV 

measurements with methods 
derived from nonlinear dynamics 
to obtain physiological correlates; 
4 – to determine the physiological 
range of these nonlinear indicators 

in a healthy population

Heart rate 
variability 

during 
daily Holter 
monitoring

1 – scaling slope 1/f (where f is the 
frequency), 2 – fractal dimension of 
short-term correlations, 3 – fractal 

dimension of long-term correlations 
of trendless fluctuation analysis 
(DFA1 and DFA2, respectively), 
4 – correlation dimension (CD), 
5 – Lyapunov index (LE), 6 – 
approximate entropy (ApEn)

H. 
Bonnemeyer 
et al., 2003

Circadian Profile of 
Cardiac Autonomic 

Nerve Modulation in 
Healthy Individuals: 

Different Effects 
of Age and Sex 
on Heart Rate 

Variability (HRV)

1 – determination of the influence 
of normal aging on physiological 
circadian fluctuations of HRV by 
decades; 2 – assessment of the 
effect of sex on the daily HRV 

profile in different age decades in 
a large number of healthy subjects

Heart rate 
variability 

during 
daily Holter 
monitoring

1 is the mean RR of the interval, 2 is 
the square root of the mean of the sum 

of the squared differences between 
adjacent NN intervals (rMSSD), 3 
is the standard deviation of the NN 

intervals (SDNN), 4 is the mean 
standard deviation of the NN intervals 
for all 5-minute segments (SDNNi), 

5 is the standard deviation of the 
NN interval values for all 5-minute 

segments (SDANN), 6 is the absolute 
count of adjacent consecutive NN 
intervals, differing by >50 ms per 
hour (sNN50), 7 is the geometric 

triangular index (TI).

M. Matteucci 
et al., 2003

Heart rate variability 
analysis to predict 

the age of patients in 
a healthy population

To assess the age of healthy 
individuals by HRV parameters 

and to assess the potential of HRV 
indices as a biomarker of age

Heart rate 
variability 

during 
daily Holter 
monitoring

1 – RR interval, 2 – time mean 
parameter (M), 3 – standard deviation 

(SD) of all normal RR indices (NN 
intervals), 4 – SD mean value of NN 
(SDANN) calculated over 5-minute 
periods, 5 – mean value of 5-minute 

standard deviations NN (SDNNi), 6 – 
square root of standard differences of 
successive RR intervals (rMSSD), 7 

– percentage of interval differences of 
successive RR intervals greater than 

50 ms (pNN50)

S. Sakata et 
al., 1999

Aging and Spectral 
Characteristics of 
the Nonharmonic 

Component of 
Daily Heart Rate 

Variability

Is the fundamental shape of the 
logarithmically scalable power 

spectrum of 24-hour HRV always 
straightforward, regardless of age 

and total power? 

Heart rate 
variability 

during 
daily Holter 
monitoring

1 – Power Spectrum Density (PSD), 2 
– Ultra Low Frequency Range (LF), 3 
– Ultra Low Frequency Range (VLF), 

4 – Low Frequency Range (LF), 5 
– High Frequency Range (HF), 6 – 

Power Spectrum Slope (b Tilt)
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Author Theme Purpose Criterion Indicator

H. Tasaki et 
al., 2006

Remote follow-up 
of circadian heart 
rate and heart rate 

variability in healthy 
elderly patients

To elucidate the change in HRV 
and its circadian rhythm with 

aging in the elderly, to perform 
Holter monitoring twice at 15-
year intervals in healthy elderly 

patients and to assess longitudinal 
age-related changes in HR/U, 

HRV, and their circadian rhythms

Heart rate 
variability 

during 
daily Holter 
monitoring

1 – mean sine RR interval (mean 
NN; seconds), 2 – high-frequency 
(HF) component (HF: 0.148-0.398 
Hz; ms2), 3 – low-frequency (LF) 
component (LF: 0.039-0.148 Hz; 

ms2), 4 – HF/LF ratio

Yo. Yamasaki 
et al., 

Daily heart rate 
variability in healthy 

people: the effects 
of aging and gender 

differences

To find out the daily profile of 
cardiac nerve function and how 
it is affected by aging and sex 

differences

Heart rate 
variability 

during 
daily Holter 
monitoring

1 – mean sine RR interval (mean NN; 
seconds), 2 – high frequency (HF) 

component, 3 – low frequency (LF) 
component, 4 – general frequency 
(TF) component, 5 – percentage of 
low frequency component (%LF) 

Continuation of the table

In a study by F. Beckers et al., 2006, the study 
of day-night variation revealed the following: the 
value of CD increased slightly during the night 
(3.97/0.72 to 4.37/1.30 in men regardless of age; P 
0.05; 4.15/0.75 to 4.41/1.29 in women regardless of 
age; P NS). Overnight, the percentage of CD values 
of surrogate data files that differed from the CD value 
of the original data increased in both populations (P 
0.001). FD and DFA1 values increased significant-
ly during the daytime. DFA2, ApEn, LE increased 
at night; The gradient is 1/f less steep at night. All 
linear indices showed day-night change, with the ex-
ception of SD and LF power, which did not show this 
in either men or women. Heart rate decreased during 
the night (P 0.001). In general, the daily values of 
the linear indices were lower than the nightly ones. 
In both males and females, total potency and HF po-
tency increased significantly during the night (both P 
0.001). LF power showed a smaller relative contri-
bution compared to daily values; in the study of gen-
der differences, changes were found only in ApEn, 
DFA1 and LE: ApEn was higher in the female popu-
lation, and LE and DFA1 were lower compared to the 
male population, heart rate in the female population 
was higher compared to the male population both day 
and night; in the study of age relationships, it was 
revealed that all nonlinear indices were significant-
ly correlated with age (all P 0.001) in the daytime, 
especially in the female population. Overnight, the 
association with age disappeared on some measures, 
especially in men. Spectral powers, rMSSD, pNN50, 
FD, ApEn, DFA1, CD, and LE decreased with age, 
and the 1/f slope became steeper. Only DFA2 in-
creased with age (r 0.45; P 0,001). Increasing age 
was associated with higher heart rate only in women 
(day: r 0.35; night: r 0.27; both: p 0.001). For non-

linear indices, the age relationship was particularly 
pronounced in the daytime and was more pronounced 
in women. FD was most strongly correlated with age 
(r 0.56; P 0,001). Linear indices in the male popula-
tion were more strongly associated with age than in 
the female population. A more in-depth analysis by 
age category over 10 years showed a stabilization of 
age-related decline in FD and ApEn at age 40. DFA2 
continued to increase until the age of 60. The amount 
of surrogate data with baseline data remained stable 
across all ages. The 1/f slope became steeper and 
the LE decreased at age 60. The change in day and 
night in most nonlinear indices also depended on age. 
The differences between day and night in ApEn and 
DFA1 were most pronounced in the age categories of 
50 years, whereas in LE they were more pronounced 
in the age categories of 50 years. Also, the decrease 
in linear indicators stabilized in the area of the age 
category of 40 years. Values for the male and female 
populations converged at higher ages, and gender 
differences for ApEn, FD, LE, and linear parameters 
(LF, HF, and total power) disappeared at age 40 years 
[14].

In a study by H. Bonnemeyer et al., 2003, all 
24-hour HRV parameters decreased with age by 
a decade, with the most marked decrease observed 
between the second (30-39 years) and third (40-49 
years) decades. Consistently, with increasing age, 
HRV decreased only gradually, reaching 13.5% 
(sNN50), 40.6% (rMSSD), 50.2% (SDNNi). 65.3% 
(TI), 66.3% (SDNN) and 67.8% (SDANN), adjusted 
in particular from baseline levels in the sixth (60-70 
years) decade. Thus, the marked negative correlation 
of 24-hour HRV in the time domain with normal ag-
ing of the entire study population is mainly due to 
the strong age-related HRV relationship in the young 
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(20-29 years) decade. Among all HRV/HRV param-
eters, SDNNi, sNN50, and rMSSD showed the stron-
gest correlation with aging (r 0.64, 0.63, and 0.62, 
respectively). The RR interval was characterized by 
a U-shaped path, with the lowest values in the fourth 
decade; there were no significant differences in HRV 
parameters and mean RR interval between subjects 
over 50 years of age who did or did not undergo a 
routine coronary angiogram. The circadian flow of 
the RR interval showed a continuous increase during 
sleep hours, peaking 3 hours before awakening and 
consistently decreasing to baseline in the morning 
hours. Circadian profiles of HRV parameters revealed 
three different characteristic patterns: 1 – rMSSD and 
sNN50 increased during sleep and peaked 2-3 hours 
before awakening; 2 – SDNN и SDNNi peaked at 
about the hour of awakening; 3 – TI and SDANN 
decreased during sleep hours and increased again at 
the hour of awakening. The relative decrease in the 
RR interval from night (9 p.m. to 6 a.m.) to daytime 
(7 a.m. to 8 p.m.) within a slight decrease of 18% 
to 14%. the hourly profiles of rMSSD and sNN50 
showed a continuous decline with age, mainly char-
acterized by a marked attenuation of the nighttime 
peak. Consequently, the night-to-day ratio (the per-
centage difference between the hourly average of the 
10 p.m. to 7 a.m. and 8 a.m. to 9 p.m. time periods) 
continuously decreased from 27% to 4% for rMSSD 
and from 33% to 0% for sNN50. Similarly, a contin-
uous decrease in mean hourly values of the circadian 
profile and a weakening of the morning peak with 
increasing age was observed for SDNN and SDNNi. 
However, the relative decrease from night to day was 
comparable for both SDNN and SDNNi, with no sig-
nificant change with age. In addition, SDANN and 
TI showed no significant age-related change with re-
spect to night-to-day ratio (SDANN: 9% to 15%; TI: 
9% to 15%), and hourly values were higher during 
the day and lower at night for these parameters. For 
TI, there was a continuous decrease in circadian pro-
file hourly values from decade to decade, while there 
were no significant differences between decades for 
SDANN hourly values [15]. 

M. Matteucci et al., 2003, showed that ApEn 
is negatively correlated with SDANN in PC2. The 
most important role in PC3 is played by the slope 
of the power spectrum, which is negatively correlat-
ed, and a1, the small scaling exponent of DFA, while 
the results of PC4 are strongly negatively correlated 
with the mean value of the RR intervals and with α2, 
the far scale exponent of DFA. As each component 
contributes to the In the complex phenomenon un-
der study, the observed composition highlights the 

fact that nonlinear parameters provide important and 
complementary information independent of tradi-
tional indices [16]. 

S. Sakata et al. found that fB was higher in group 
O (old) than in group Y (young) (P<0.001). Interest-
ingly, while βa was larger in group O than in group 
M (middle), which in turn was larger than group Y 
(P<0.001), βb was smaller in group O. The relation-
ship between age and spectral parameters in each 
subject showed that fB was positively correlated with 
age (r=0.51, P<0.001). Although βa was positively 
correlated with age (r=0.70, P<0.001), βb was nega-
tively correlated (r=-0.39, P=0.001), hence the differ-
ence between the two (βb–βa). reflecting the degree 
of specum bending, decreased with age (r = -0.60, 
P<0.001) [17].

H. Tasaki et al., 2006, conducted a study with 
an interval of 15 years from the first collection of 
data from fixed objects and found that the average 
NN value per day decreased significantly compared 
to the first (first monitoring vs. second monitoring: 
0.976±0.115 (s) vs. 0.903±0.117 (s), p=0.0019). 
Each Hourly Mean NN, with the exception of 05.00 
h, also clearly decreased and about three-quarters of 
them decreased significantly after 15 years. The av-
erage HF value for the day of the second follow-up 
period showed an upward trend compared to the first 
(221.20±138.89 (ms2) versus 310.78±296.73 ms2), 
p=0.1102). Most of the hourly HF in the circadian 
rhythm also showed an increasing trend 15 years lat-
er, and the 2-hour HF during 06:00 h and 19:00 h 
increased significantly; the average LF/HF value per 
day of the second monitoring period significantly 
decreased compared to the first (1.681±0.731 ver-
sus 0.962±0.442, p= 0.0022). With each hour, LF/
HF in the circadian rhythm also decreased marked-
ly, and about three-quarters of them decreased sig-
nificantly after 15 years. The mean LF value of the 
second monitoring period decreased significantly 
compared to the first (278.88±176.43 (ms2) versus 
179.19±132.33 (ms2), p = 0.0039). Hourly LF in the 
circadian rhythm also decreased markedly after 15 
years, and about three-quarters of them decreased 
significantly [18].

Yamasaki et al. performed a spectral analysis 
of the power of 24-hour RR variability recorded by 
the Hotter ECG recorder and evaluated the daytime 
profiles of the LF (0.03–0.15 Hz) and HF (0.15–0.4 
Hz) components. The daily profiles of TF, LF, HF 
and %LF were estimated as averages of the 24-hour, 
60-hour morning, afternoon, evening, night, and ear-
ly morning periods of Oh. The LF component in the 
morning and afternoon periods was consistently high 
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in men in all age groups. In women, LF was high in 
the afternoon and evening among all age groups. The 
HF component showed a plateau at night during all 
time periods in both males and females, regardless of 
age. TF in men showed two plateaus in the morning 
and at night, especially in the younger age groups. In 
contrast, the TF of women aged 20-49 showed high-
er values at night. Elderly men and women (50-78 
years) had less pronounced daily profiles of the TF 
component than younger patients. The %LF, which 
represents the relative cardiac response to sympathet-
ic nerve activity, was high in the morning, afternoon, 
and evening, but low at night. In men and women of 
all age groups, except for men aged 60 to 78 years 
and women aged 40 to 49 years, %LF was signifi-
cantly higher in the afternoon than at night. Sex dif-
ferences were found for LF and HF of younger sub-
jects. Men aged 20 to 29 years and 50 to 59 years 
showed significantly higher LF levels in the morning 
and afternoon than women aged 20 to 29 years and 
50 to 59 years. However, there were no differences 
in HF components between men and women aged 20 
to 39 years. In addition, women aged 50 to 59 and 60 
to 7% showed significantly higher levels of HF than 
men of the same age in the periods 1200-1800 and 
1800-0600, respectively. Men aged 20 to 29 years 
and 50 to 59 years showed significantly higher TF 
in the morning and afternoon than women aged 20 
to 29 years and 50 to 59 years. Thus, all male men, 
with the exception of 40-49 years of age, showed 

a significantly higher 24-hour LF than women of 
the same age. Men between the ages of 20 and 59 
showed significantly higher levels of %LF between 
1200 and 1800. The LF and HF components gradu-
ally decreased with age. In addition, the TF of men 
aged 20 to 29 and 50 to 59 years was significantly 
higher than that of men aged 20 to 29 years and 50 
to 59 years. Despite the age relationship between the 
LF and HF components, in men of all age groups, 
the percentage of LF was consistently higher than in 
women. Regardless of the time period, TF and LF of 
both sexes showed a very significant correlation with 
age (r = -0.7486 to -0.5423). HF showed a relatively 
weak but significant correlation with age (r = -0.5956 
to -0.3344). The 24-hour %LF and %LF in the af-
ternoon and evening showed a significant correlation 
with age (r = -0.5302 to 0.3931). However, female 
subjects showed a loss of correlation with the age of 
%LF at night and early in the morning [19].

Conclusion

Temporal (statistical) analyses should be per-
formed when evaluating the results of Holter moni-
toring, and interpretations of HF and LF should be of 
particular importance. The analysis should take into 
account the fact of a decrease in LF values and an 
increase in HF values with age. The differences be-
tween day and night in ApEn and DFA1 were most 
pronounced in the age categories of the population.
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PRESBYACOUSSIS: JUSTIFICATION  
OF DIAGNOSIS IN SCREENING CONDITIONS

Abstract. Presbycusis as a manifestation of degenerative hearing loss that develops in the age category 
of the population is becoming more common. At the same time, it is necessary to take into account the 
possibility of late onset of presbycusis with early diagnosis. This review presents the results of studies on 
the effectiveness of presbycusis diagnosis in the conditions of screening at early stages and a comparative 
analysis with other forms of hearing loss. The relevance of using verified questionnaires for the early diag-
nosis of presbycusis is presented in the results of the analyzed studies. The main objective of the work is to 
determine the most effective form of presbycusis diagnosis in the conditions of screening to detect hearing 
impairment at early stages. An information search for relevant studies was conducted by keywords with 
the construction of strip lines and a stepwise analysis of the target orientation of the results of published 
studies. After selection and analysis, the results of 6 studies were taken into work, including 3 randomized 
clinical trials and 3 observational studies. Taking into account global trends, an analysis of the validity of 
the search for effective methods for diagnosing presbycusis was carried out. The situation of development 
of a screening scheme for effective diagnostics of presbycusis at early stages of its development in the age 
population is considered. The validity of using 3 types of questionnaires in conditions of early screening 
of presbycusis is established: HHIE, Hearing Impairment Inventory for the Elderly; HHIA, Questionnaire 
for persons with hearing impairment for adults; IOI-HA, International Outcomes Registry – Hearing Aids. 
The degree of optimization of specialized costly instrumental methods of diagnostics of presbycusis in the 
preliminary screening assessment by the survey method at the level of primary health care is also revealed.
Key words: hearing loss, presbycusis, quality of life, elderly, geriatrics, screening, questionnaire.

Introduction

Hearing loss in old age can disrupt the exchange 
of information, thereby significantly affecting daily 
life, causing loneliness, isolation, addiction and frus-
tration, as well as communication disorders. Due to 
the aging of the population in developed countries, 
presbycusis is a growing problem that has been re-
ported to reduce the quality of life. The progression 
of presbycusis cannot be treated [1]. Thus, the opti-
mal treatment of this condition requires not only early 
recognition and rehabilitation, but also an assessment 
of the quality of life condition and its assessment [2].

The term “presbycusis” refers to hearing loss that 
is associated with the cochlear degenerative aging 
process. Age-related hearing loss (ARHL, formerly 
presbycusis) is caused by various lifelong damage 
to the auditory system and is characterized by bi-
lateral sensorineural hearing loss, impaired speech 
comprehension in noise, and deficits in central sound 
processing. By definition, presbycusis is bilateral, 

symmetrical, and slowly progressing [3]. Presbycu-
sis is the most common cause of hearing impairment 
in adults; It is considered the most common sensory 
disorder in older adults, affecting people aged 75 and 
older. As our society matures, more people are liv-
ing into their 60s, 70s, 80s and older due to factors 
such as improved nutrition and health care [4]. In the 
United States, presbycusis is reported to affect 40% 
of the population over the age of 75, and in our aging 
society, it is becoming more common [5]. The most 
important aspect of geriatric practice in this area is to 
improve the tactics of early diagnosis and maintain a 
strategy of preventive measures that contribute to the 
preservation of the quality of life in the age popula-
tion of the population.

Methods

We analyzed information on current areas of 
geriatric practice regarding the detection of presby-
cusis in the available literature for further adapta-
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tion in clinical practice under the existing regulatory 
framework.

Objective: To determine the modern principles 
of diagnosing presbycusis in elderly patients with the 
social aspect of improving the quality of life.

Search criteria were formed according to the 
PICS methodology.

Inclusion Criteria:
Population/patient: Elderly patients with hearing 

problems.
Intervention/policy (study subject): Principles of 

presbycusis diagnosis.
Compare: Other methods of audio diagnostics.
Results: Efficiency
The type of study (study design) was also includ-

ed in the search criteria: publications with RCT re-
sults and reviews were included in the evaluation of 
methods.

The criteria for restricting the search for informa-
tion were also determined:

1. Limitations: Human
2. Publication date: From 2014 to 2024
3. Language: English
Based on the criteria, a search strategy was de-

veloped, which included the selection of verified da-
tabases, keywords and the creation of a search strip 

line. Based on the search, a qualitative analysis of 
the information obtained was carried out on the cor-
respondence of the title of the article with the subse-
quent analysis of the abstract. The content of the se-
lected information was evaluated using the PRISMA 
method.

Quality of the evidence: The quality of the body 
of evidence for each outcome was examined accord-
ing to the GRADE criteria. Overall quality was de-
fined as very low, low, moderate or high using a step-
by-step structural methodology.

The study design was the first consideration; the 
initial assumption was that randomised controlled 
trials (RCTs) were of high quality, whereas obser-
vational studies were of low quality. Five more fac-
tors were then taken into account – the risk of bias, 
inconsistency, indirectness, inaccuracy and bias of 
the publication. Limitations in these areas have led 
to a decrease in the quality of the evidence. Finally, 
3 main factors that may improve the quality of the 
evidence were considered: large effect size, inter-
vention dependence gradient, and accounting for all 
residual confounding factors. For more information, 
see the latest GRADE article series. As indicated by 
GRADE, the final quality score can be interpreted us-
ing the definitions presented in Table 1.

Table 1 – Criteria for determining the degree of evidence

High It’s very sure that the true effect is close to the fact that the assessment of the effect

Temperate Moderately confident in estimating the effect – the true effect is likely to be close to estimating the effect, but there 
is a chance that it is significantly different

Low Confidence in the assessment of the effect is limited – the true effect may differ significantly from the assessment of 
the effect

Very low There is very little confidence in the effect estimate – the true effect is probably significantly different from the effect 
estimate

Outcomes
After defining the criteria, a search strategy was 

developed. Studied sources to search for relevant 
peer-reviewed (scientific) literature. Table 2 provides 
an overview of the electronic databases searched for 
relevant peer-reviewed (scientific) literature.

These databases were searched by domain/aspect 
of the purpose of the review based on strip lines for 
search keywords. The search terms are presented in 
Table 3.

Subsequently, individual studies were select-
ed based on the title and abstract. At this stage, we 
examined the titles and abstracts/abstracts of the 
identified literature to assess their relevance to our 
review.

Subsequently, a critical assessment of the evi-
dence was carried out using the PRISMA method-
ology. Thus, 6 sources of information were selected 
to assess the effectiveness of presbycusis methods in 
the age category of patients.
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Table 2 – Validated specialized databases

Examined electronic databases to retrieve relevant peer-reviewed (scientific) literature
Pubmed/Medline http://www.ncbi.nlm.nih.gov/pubmed/

TripDataBase https://www.tripdatabase.com/

Table 3 – Search terms

Search cases Population/patient Intervention Comparative Outcome Study design

1

hearing loss, 
deafness, elderly 
patients, old age, 

presbycusis

diagnosis, quality 
of life, survey, 
interviewing, 

screening

Audio diagnostics of 
hearing, laboratory 

diagnostics, instrumental 
diagnostics

efficiency
security, sociality

Review, RCT, 
Cohort Study

Table 4 – Selection flow diagram

TOTAL – 273 (PubMED – 184; Tripdatabase – 89)

Included – 6 (PubMED – 4; Tripdatabase – 2)

Excluded – 267 (Not about RCTs – 241;  
inappropriate design – 26)

Results of evidence-based analysis

A search of the databases yielded 273 citations 
published up to April 26, 2024 (with the removal of 
duplicates). Articles were excluded based on the in-
formation in the title and abstract. For further evalua-
tion, the full texts of potentially relevant articles were 
received. Six studies (1 systematic review, 2 RCTs, 
2 cohort studies, and 1 observational study) met the 
inclusion criteria. Reference lists of included studies 
were manually conducted to identify any addition-
al potentially important studies. For each included 
study, the study design was identified and summa-
rized in Table 5, which is a modified version of the 
Goodman study design hierarchy.

Characteristics of the included studies
6 studies were included in the evidence-based 

analysis. Studies were conducted from 5 different 
countries (Italy – 2, Spain – 1, Germany – 1, USA 1, 
China – 1). Study sample sizes ranged from 100 to 
2059 patients.

The eTools methods used in each study were unique, 
as were the conditions under which they were applied. 
Some have been used to coordinate care between hos-
pital and outpatient/community providers; some were 
used in social institutions to help coordinate care; the 

rest were applied in multi-assistance coordination ef-
forts and/or did not indicate the coordination of their 
focal points. The quality of the evidence was assessed 
individually for each outcome. A general description of 
the assessment of sources is presented in Table 6.

Table 5 – Group of evidence considered in accordance with the 
study design

Study design n
RCT
Systematic review of RCTs 1
Big RCT 2
Small RCT
Observational Studies
Systematic review of non-RCTs with simultaneous 
control
Non-RCTs with simultaneous control
A Systematic Review of Non-RCTs with Historical 
Control
Non-RCTs with historical control
Cross-sectional database, registry or study
Series of cases 2
Retrospective Review, Modeling 1
Research presented at the international conference
Expert opinion
Total 6



21

M.M. Baibulov et al.

Table 6 – Characteristics of information sources

Author, 
year

Country, 
region Study design Continuation 

of the study Population Middle age,
Years Effectiveness

A. Ciorba 
et al., 2012

Italy, 
Ferrarra 

Systematic 
review 1 year

Age popu-
lation with 
presbycusis

Special tools for assessing the quality of life 
in presbycusis: HHIE, Inventory of Hearing 

Impairment for the Elderly; HHIA, Adult 
Hearing Impaired Questionnaire; IOI-HA, 
International Outcome Registry – Hearing 

Aids; QoL, quality of life 

A. Rodrí-
guez Vali-
entea et al., 

2015

Spain, 
Madrid RCT 5 years 8 age groups 

(n=1175) 5-90 years

Hearing thresholds decreased slightly with 
increments of signal frequency up to 2000 
Hz in the age range from 5 to 64 years. In 

the two older groups, the hearing threshold 
slightly increased to 2000 Hz in the group 

from 65 to 74 years old and to 1000 Hz 
in the group from 75 to 90 years old. At 
higher frequencies, hearing thresholds 

increased very dramatically The current 
ISO 7029 standard cannot be applied to 
persons under 18 years of age and does 

not apply to persons over 70 years of age. 
With the development of medicine and 

living conditions, the elderly population is 
increasing rapidly. The number of people 
aged 70 and over is growing. Therefore, it 
would be useful to have data on subjects 

over 70 years old.

H. J. Gar-
ringer et al., 

2016

United 
States

Cohort Study. 
(Q8 survey, 

genetic study)
1 year

Male twins, 
born in 

1917-1927. 
(n=2059)

Average 
age.= 74,3 

года

Nonsyndromic hearing loss is distinguished 
into autosomal dominant, autosomal 

recessive, X-linked and mitochondrial 
forms of inheritance. The hearing loss gene 
is located at the DFNA18 locus. Men show 

a higher incidence of presbycusis than 
women in the general population.

There was no evidence of linkage for any 
of the 4 chromosomal regions with LODs 

greater than 1.5 reported in the Framingham 
study 

D.Cuda et 
al., 2021

Italy, 
Piacenza

Observational 
study. 3 years

Elderly peo-
ple who re-
ceived hear-
ing aids for 

the first time 
(n=100)

≥ 65 Years

The AQoL-8D questionnaire “has the 
highest correlation with disease-specific 
measurements and the best compliance 
transformation properties.” The HHIE 
questionnaire has shown the extent to 

which hearing impairment affects emotional 
and social adjustment in everyday life. 

The MoHA questionnaire determined the 
cognitive abilities of the subjects. The use 
of the MoHA questionnaire in the before 
and after assessments excluded cognitive 

decline over time.
The APHAB questionnaire was used to 

assess speech comprehension problems in 
various listening situations.

The IOI-HA questionnaire was only in 
the Post App assessment. This gave an 

understanding of the difficulty and benefits 
of using the HA
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Author, 
year

Country, 
region Study design Continuation 

of the study Population Middle age,
Years Effectiveness

Jianli Ge et 
al., 2023

China, 
Shanghai

Cross-sec-
tional study 3 years

Participants 
who do not 

have hearing 
impairment 
at the initial 
self-assess-

ment (n=401)

≥ 60Years

Among 401 elderly people, 29 (11.7%) 
participants from the high-risk group of 
stratified risk factors received referral; 
37 (16.2%) HHIE-positive participants 

received referrals; 28 (17.5%) participants 
with positive results of multi-series 

screening testing received referrals; 38 
(13.0%) participants with positive results of 
multiple screening parallel testing received 

referrals.
The three-level and two-stage screening 
of hearing loss is highly effective and 

feasible, relying on the 1+10+100 medical 
consortium: from population screening 
to targeted screening, from suspect to 

diagnosis, from primary care to tertiary 
hospitals

D. Pürnerl., 
2022

Germany, 
Munich RCT 1 year

Пациенты с 
нарушением 

слуха
18-80 Years

All parts of the auditory pathway 
examined in the study show ARHL-related 

performance impairment associated in 
part with aging and partly with age-related 
hearing loss, with some overlaps not being 

completely ruled out. The independent 
central component of the ARHL, due to 
aging (not just peripheral hearing loss), 
is confirmed by the results of our CADP 
test. Age-related hearing loss leads to an 
additional significant deterioration in the 

function of the CTC and cochlear synapses, 
horizontal motion detection, speech 

comprehension in noise, and disruption of 
the central tonotopic organization.

TOTAL

5 countries: 
Europe – 4; 
America – 
1; Asia – 1

6:1 SR; 
2 RCTs; 

1Cohort re-
search; 1Ob-
servational 
research; 

1cross-sec.
study.

1-5 years

Continuation of the table

Discussion

Dominik Pürner l., 2022 [6] in his study testifies 
to changes in the peripheral and central processing 
of sound by the auditory system during presbycusis. 
Age-related hearing loss is associated with a decrease 
in the level of Otoacoustic Emission Distortion Re-
sult (DPOAE). DPOAE thresholds represent the 
lowest level of stimulus causing measurable contrac-
tion of outer hair cells signal in both older groups 
when determining the auditory brainstem response 
(ABR). Possible mechanisms of these changes in-

clude: changes in brainstem auditory fibers and syn-
aptic transmission; changes in homeostasis and the 
influence of fibroblast growth factor (FGF), leading 
to impaired myelination of the auditory pathways 
of the brainstem; loss of the neuropil of the cochle-
ar nucleus, correlating with impaired interneuronal 
connections and auditory processing. Overall, the 
results suggest cochlear synaptopopathy in age-relat-
ed hearing loss; Additional effects of aging on co-
chlear synaptic transmission appear to be possible, 
but cannot be proven. The results of the CADP test 
battery proved the differential aging of various parts 
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and functional aspects of the central auditory system. 
Overall, they provided further evidence for an inde-
pendent central component of presbycusis (ARHL) 
not solely associated with peripheral hearing loss. 
Speech comprehension in noise, as measured by 
OLSA in the test battery, deteriorated significantly in 
both older groups. Even the highest level of hearing 
in Western older society will suffer from significant-
ly lower understanding of speech in noise compared 
to younger people. The study provides further evi-
dence for the multifocal aging process of the audito-
ry system. All parts of the auditory pathway exam-
ined in the study show ARHL-related performance 
impairment associated in part with aging and partly 
with age-related hearing loss, with some overlaps not 
being completely ruled out.

Jianli Ge et al., 2023 showed in a study that the 
system for assessing risk factors for age-related hear-
ing loss provides an evidence-based medical basis 
for building a screening regimen for hearing loss 
[7]. Influencing risk factors for presbycusis are age, 
BMI, overweight/obesity, divorce/widowhood, noise 
history, uneasy diet, exercise habits, hypertension, 
diabetes, hyperlipidemia, cardiovascular disease, 
hyperuricemia, and hypothyroidism. Noise history, 
heavy feeding, hyperuricemia are independent risk 
factors. Among the risk factors were 13 (72.2%) 
factors (uneasy diet, hypertension, diabetes, hyper-
lipidemia, cardiovascular disease, hyperuricemia, 
hypothyroidism, overweight, exercise habits, smok-
ing, alcohol consumption and headphone wearing, 
as well as ototoxic drugs) that could be prevented, 
controlled, delayed and improved. The receiver per-
formance curve (ROC curve), also known as the 
sensitivity curve, can be used to predict age-related 
hearing loss using cumulative risk factor estimates. 
Three-level and two-stage community-based screen-
ing for age-related hearing loss is appropriate and ef-
fective. The three-level and two-stage screening of 
hearing loss is highly effective and feasible, relying 
on the 1+10+100 medical consortium: from popu-
lation screening to targeted screening, from suspect 
to diagnosis, from primary care to tertiary hospitals. 
With multiple screening, awareness of hearing loss 
and adherence can be raised in older adults. At pres-
ent, the method of managing age-related hearing loss 
used by general practitioners is relatively poorly de-
veloped.

D. Cuda et al., 2021 notes the prospects of using 
the following questionnaires in practice: The AQoL-
8D questionnaire “has the highest correlation with 
disease-specific measurements and the best compli-
ance transformation properties” [8]. The HHIE ques-

tionnaire has shown the extent to which hearing im-
pairment affects emotional and social adjustment in 
everyday life. The MoCA questionnaire determined 
the cognitive abilities of the subjects. The use of the 
MoHA questionnaire in the before and after assess-
ments excluded cognitive decline over time. The 
APHAB questionnaire was used to assess speech 
comprehension problems in various listening situa-
tions. The IOI-HA questionnaire was only for the HA 
assessment.

H. J. Garringer et al., 2016 pointed out that de-
spite the fact that in the study, the peak of cohesion 
in the DFNA18 locus indicates only an association 
according to the Lander and Kruglyak criteria (LOD 
score, 2.2-3.6), the results were reliable [9]. Despite 
the relatively small sample size (50 pairs), a robust 
association was observed when the analysis was 
limited to an even smaller number of pairs in which 
both twins reported bilateral hearing impairment. 
Genotyping of additional markers in the linkage re-
gion on chromosome 3 did not exclude evidence of 
linkage. The marker with the strongest evidence of 
peak linkage (D3S1292) prior to accurate mapping 
was the same marker at peak linkage in the family 
reported with the DFNA18 gene, and the phenotype 
represents progressive hearing loss that can develop 
over decades. There is a need to clone the DFNA18 
gene. If confirmed, these results suggest that other 
variations in the sequence at the DFNA18 gene lo-
cus may be responsible for a significant percentage of 
hearing loss with aging in the general population. An 
analysis of hereditary hearing loss based on all Q8 
responses of members of the NAS-NRC twin group 
(mean age 74.3 years) using the analytical analysis 
method showed that the heritability was 61%. The 
present study was conducted because of the moder-
ately high heritability derived from the Q8 analysis, 
and also because, to the best of our knowledge, there 
are no other data on genomic screenings for the qual-
itative assessment of hearing loss with age in the gen-
eral population.

A. Rodríguez Valientea et al., 2015, the study 
recorded normal hearing ranges according to age 
groups [10]. This data can help assess the degree of 
hearing loss not only in young patients, but also in 
older patients. The present study did not find any sta-
tistically significant differences in men and women 
in any age group or with any frequency. The current 
ISO 7029 standard cannot be applied to persons un-
der 18 years of age and does not apply to persons 
over 70 years of age. With the development of med-
icine and living conditions, the elderly population is 
increasing rapidly. The number of people aged 70 
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and over is growing. Therefore, it would be useful to 
have data on subjects over 70 years old. The presence 
of standard values according to the age of the subject 
can facilitate the correct assessment of each subject 
individually, determining whether hearing damage is 
present or not. This study is a contribution to the still 
limited number of Hearing Threshold (HTL) surveys 
for otologic screening of the population, and may be 

useful in the upcoming update of ISO 7029, which is 
currently under revision.

A. Ciorba et al., 2012, in a systematic review, 
noted the importance of early diagnosis of presbycu-
sis [11]. At the same time, she pays special attention 
to certified questionnaires that can be used in screen-
ing mode. These presbycusis screening tools are pre-
sented in Table 7.

Table 7 – Presbycusis screening tools

Tool Aim Elements
HHIE[12] Measures the impact of hearing impairment on the emotional and social adjustment of older adults 25
ННIА[13] Measures the impact of hearing impairment on the emotional and social adjustment of adults 25

IОI-HА[14] Explores the perceived usefulness of hearing aids 7
Note: HHIE, Hearing Impairment Inventory for the Elderly; HHIA, Adult Hearing Impaired Questionnaire; IOI-HA, International 
Registry of Outcomes – Hearing Aids.

These tools have been developed to provide 
the basis for evidence-based clinical guidelines for 
hearing rehabilitation; Clinical practice guidelines 
can minimize outcome variability, maximize treat-
ment efficacy, reduce risks, reduce losses, increase 
patient satisfaction, and help raise awareness of the 
audiology profession among third-party payers, oth-
er healthcare providers, and most importantly, cur-
rent and future patients. However, the main draw-
back of these tools, like other quality-of-life (QoL) 
scales, stems from the fact that the importance of 
different QoL measurements can vary between in-
dividuals and within individuals over time, which 
means that structured measurements may be inac-
curate or insensitive. It would be helpful if primary 
care physicians regularly checked for hearing loss 
in adults and regularly referred people with hear-
ing loss to tertiary level audiology centers. It was 
demonstrated that new hearing aid users experi-
enced less anxiety and depression after using hear-
ing aids. It has been demonstrated that users of bin-
aural hearing aids can benefit from the ability of the 
central auditory system to integrate binaural infor-
mation and enjoy benefits such as binaural volume 
summation, difference in masking level, localiza-
tion and elimination of head shadow. Patients with 
symmetrical hearing loss should be more comfort-
able using binaural hearing aids. Therefore, it is rec-
ommended to introduce screening practices at the 

PHC level using the HHIE (Hearing Loss Invento-
ry for the Elderly), HHIA (Adult Hearing Impaired 
Questionnaire), IOI-HA (International Hearing Aid 
Outcome Registry)).

Conclusion

Currently, for the early diagnosis of presbycusis 
in the age population, the use of verified and vali-
dated questionnaires HHIE, HHIA, IOI-HA, as well 
as AQoL-8D is relevant; OLSA audiometric test is 
recommended. The implementation of three-level 
screening: population screening to targeted screen-
ing, from suspect to diagnosis, from primary health 
care to tertiary hospitals is of practical importance. 
The use of these methods and tools will improve the 
quality of life and organize measures for the early 
diagnosis of presbycusis in the age population of the 
population. These measures will improve the com-
municative socialization of the elderly population 
with presbycusis, which, accordingly, will reduce the 
burden on the health care system. With the appropri-
ate qualifications of primary health care nurses, the 
organization of the primary stage of screening will 
provide a high-quality approach to the diagnosis of 
presbycusis as a medical service. The high qualifi-
cation level of specialists at all levels of screening 
contributes to high-quality early diagnosis of presby-
cusis.
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3D BIOPRINTING IN DENTISTRY:  
BIBLIOMETRIC ANALYSIS

Abstract. The World Health Organization (WHO) estimates that oral diseases affect about 3.5 billion 
people. According to the National Institute of Dental and Craniofacial Research Oral Health Surveillance 
Report, 2019, nearly 90% of adults between the ages of 20 and 64 had tooth decay, and this percentage 
did not change significantly between the NHANES 1999-2004 and 2011-2016 cycles. Literature search 
was conducted in the Scopus database using the keywords “tooth,” “teeth,” “bioprinting,” “3D bioprint-
ing,” and “three-dimensional bioprinting.” A total of 107 publications were retrieved, with 102 being in 
the English language. Performance analysis and science mapping were performed using the Bibliometrix R 
package in the R-studio. Analysis shows upward trend of scientific publications over the period from 2016 
to 2023. China maintains a leading position in the number of publications among countries. The figure 
illustrates that Sichuan University holds the leading position with a total of 16 publications. The journal 
“Bioprinting” ranks among the top six journals, followed by “Cells” and “Biofabrication”. Chen J, Guo W, 
and Zhang X stand out, each having three published works. “Bioprinting” and “tissue engineering” are 
the most commonly used keywords by authors in the period from 2016 to 2023. Based on the provided 
information on 3D printing in dentistry, it can be concluded that China makes a significant contribution to 
research in this field.
Key words: tooth, 3D bioprinting, three-dimensional bioprinting.

Introduction

The World Health Organization (WHO) es-
timates that oral diseases affect about 3.5 billion 
people [1]. According to the National Institute of 
Dental and Craniofacial Research Oral Health Sur-
veillance Report, 2019, nearly 90% of adults be-
tween the ages of 20 and 64 had tooth decay, and 
this percentage did not change significantly between 
the NHANES 1999-2004 and 2011-2016 cycles [2]. 
The estimates show that the average global preva-
lence of complete tooth loss is almost 7% among 
people aged 20 years and older. However, in people 
aged 60 years and older, the global prevalence is 
much higher at 23% [1].

Tooth loss is usually the endpoint of chronic oral 
disease, mainly dental caries and severe periodontal 
disease, but can also be caused by poor oral hygiene, 
microbial plaque, periodontal disease, gender, coro-
nal caries, dietary habits, xerostomia, low socioeco-
nomic status and infrequent dental visits [3-7]..

Tooth loss can bep sychologically traumatic, 
socially disruptive and functionally limiting. Poor 
and socially disadvantaged members of society are 
disproportionately affected byoral diseases. There 
is a very strong and consistent association between 
socio-economic status (income, occupation and ed-
ucation level) and the prevalence and severity of 
oral diseases [5]. This association exists from ear-
ly childhood to old age and in populations in high-, 
middle- and low-income countries. Treatment of oral 
diseases is expensive and usually not covered by uni-
versal health coverage (UHC)(8).In most low- and 
middle-income countries, services for the prevention 
and treatment of oral diseases are insufficient [1].

The burden of oral and other non-communica-
ble diseases can be reduced with treatments such as 
dentures, fillings and implants. But there is a good 
alternative – 3D printing of teeth. Recently, with the 
development of industrial technology, 3D printing 
technology has developed rapidly and is gradually 
being introduced into various fields, including con-
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struction, transportation, electronics and medicine. 
However, this method has some problems, such as 
vascularization, innervation and problems in select-
ing dense bioinks, which scientists around the world 
are working to solve. The aim of our study is to con-
duct a bibliometric analysis to investigate the trend 
of 3D printing in the field of personalized medicine.

Materials and Methods 

Search strategy. 
The following scheme outlines a literature search 

strategy aimed at studying 3D bioprinting in dentist-

ry. Literature search was conducted in the Scopus 
database using the keywords “tooth,” “teeth,” “bio-
printing,” “3D bioprinting,” and “three-dimensional 
bioprinting.” A total of 107 publications were re-
trieved, with 102 being in the English language. Sub-
sequently, original articles and reviews were selected. 
Some publications were excluded from the analysis 
due to their irrelevance to the research topic: 9 books 
and 48 articles. For bibliometric analysis, 45 publica-
tions were chosen.The study involved the analysis of 
journals, authors, countries, and institutions publish-
ing articles in the field of 3D bioprinting.The article 
selection process is demonstrated in Figure 1. 

Figure 1 – Literature selection flowchart

Study selection and data extraction
The extraction of obtained publications’ data was 

conducted by two authors (Zh.B. and A.Zh.) based 
on the titles of abstracts and the full texts of articles 
relevant to the research topic. In case of disputes, 
they referred to a third author.

Performance Analysis
Performance analysis and science mapping 

were performed using the Bibliometrix R pack-
age (http://www.bibliometrix.org; accessed on 20 

March 2024) in the R-studio programming envi-
ronment, version 4.3.1. The data were analyzed 
using the Biblioshiny tool. Graphs presented by 
Biblioshiny were redrawn using Excel. We as-
sessed local publication trends and calculated the 
average total citations per article for each year. 
The most prolific journals were identified by the 
number of publications, while the core journals 
in the field were detected by implementing Brad-
ford’s law [9].
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Results

Annual Scientific Production 
The Figure 2 illustrates the dynamics of scientific 

publications over the period from 2016 to 2023. In 
the initial years of the study period (2016-2018), the 
number of publications grew slightly, remaining at a 

relatively low level. However, in 2019, there was a 
sharp increase, with the number of publications ris-
ing from 2 to 7. Subsequently, there was a decrease 
in 2020, with the number of publications reaching 4. 
However, in the following years, in 2021, the number 
of publications significantly increased again to 8, and 
then in 2022 and 2023, it reached 9.  

Figure 2 – Annual Scientific Production

Most productive countries, country collaboration 
and funding sources

In Figure 3A, spanning from 2016 to 2024, China 
maintains a leading position in the number of pub-
lications (n=63), marked by significantly higher in-
dicators compared to other countries in the context 
of 3D bioprinting research. Following China are the 
United States and Korea, with 23 and 20 articles re-
spectively. Additionally, Figure3B demonstrates in-
ternational scientific collaboration among different 
countries. The diagram clearly indicates that China 
and the USA are the most active participants in in-
ternational scientific collaboration, with a strong 
connection between China and the USA. Meanwhile, 
Australia, Turkey, and the United Kingdom are no-
table recipients of collaboration. Moreover, Figure 

3C presents the major funding countries, with China 
leading the pack, followed by the United States and 
other countries, as shown in the graph. Out of the 18 
represented funding organizations, eight from China, 
with the USA following in second place with four 
organizations. 

Chord diagram demonstrates international scien-
tific collaboration among different countries in the 
field of 3D bioprinting. The area of each circle is pro-
portional to the number of scientific documents orig-
inating from the respective country. The thickness of 
the lines connecting countries reflects the degree of 
collaboration, where thicker lines indicate more in-
tense interaction (B). The eight most active funding 
organizations investing in research related to 3D bio-
printing technology (C).
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Figure 3 – The annual number of publications in the most productive countries 
 from 2016 to 2024 in the context of 3D bioprinting research (A)

Most relevant institution 
The figure illustrates that Sichuan Universi-

ty holds the leading position with a total of 16 
publications. Following Sichuan University are 
Dankook University and Universiti Kebangsaan 
Malaysia, each with five publications. Institu-
tions with the highest productivity are depicted 
in Figure 4. Additionally, as evident from Table 
1, among the top 10 universities and medical cen-
ters, 7 are educational institutions in China. Other 
countries also contribute to research in this field: 
Malaysia, the Netherlands, the USA, Bulgaria , 
and Germany.

Journals
Bradford’s Law describes the distribution of 

scientific articles across various journals. Figure 5 

identified six core journals, constituting a significant 
portion of the total number of articles published on 
the research topic. The journal “Bioprinting” ranks 
among the top six journals, followed by “Cells” and 
“Biofabrication.” Table 2 shows that both “Bioprint-
ing” and “Cells” journals have four publications each 
(n=4). However, “Bioprinting” and “Annals of 3D 
printed medicine” are indexed solely in the Scopus 
database, with percentiles of 89 and 36, respective-
ly, under the subject categories of Computer Science 
Applications and Health Informatics, and are not 
represented in the Web of Science Core Collection 
database. The journal with the highest Impact Factor 
(IF) in the list of cited sources is “Acta Biomaterial-
ia” (IF=9.7), followed by “Biofabrication” (IF=9.0) 
and “Cells” (IF=6.0 ).
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Figure 4 – Most relevant affiliations

Table 1 – Key institutions contributing to publication 

Ranks Universities Countries Publications

1 Sichuan university China 16

2 Dankook university China 5

3 Universiti Kebangsaan Malaysia Malaysia 5

4 Sun Yat-Sen university China 4

5 University medical center Utrecht Netherlands 4

6 University of Maryland school of medicine USA 4

7 China medical university hospital China 3

8 Medical university of Plovdiv Bulgaria 3

9 Rwth Aachen university hospital Germany 3

10 South China university of technology China 3
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Figure 5 – Six core journals and the number of papers on the study topic published per journal in 2016–2023

Table 2 – Most relevant journals

Ranks Sources Articles IF JCR Category (Quartile)

1 Bioprinting 4 - -

2 Cells 4 6.0 Cell biology – SCIE (Q2)

3 Biofabrication 2 9.0 Engineering, biomedical – SCIE (Q1);
Materials science, biomaterials – SCIE (Q1)

4 Biomedicines 2 4.7 Biochemistry & molecular biology – SCIE (Q2);
Medicine, research & experimental – SCIE (Q2)

5 Frontiers in bioengineering and 
biotechnology 2 5.7 Multidisciplinary sciences – SCIE (Q1)

6 Journal of functional biomaterials 2 4.8 Engineering, biomedical – SCIE (Q2);
Materials science, biomaterials – SCIE (Q2);

7 Materials 2 3.4 Chemistry, physical – SCIE (Q3); materials science, 
multidisciplinary – SCIE (Q3);

8 Acs biomaterials science and 
engineering 1 5.7 Materials science, biomaterials – SCIE (Q2);

9 Acta biomaterialia 1 9.7 Engineering, biomedical – SCIE (Q1);
Materials science, biomaterials – SCIE (Q1)

 10 Annals of 3d printed medicine 1 - -
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Most relevant authors 
This graph in Figure 6 illustrates the most prolif-

ic authors and the number of their publications in this 
field. Notably, Chen J, Guo W, and Zhang X stand 
out, each having three published works, while the re-

maining authors have two published works each.Zhang 
published 2 articles with a total annual citation count of 
20.33 in 2019. However, Chen published the first article 
in this field in 2019, and the latest article was published 
in 2023, indicating his sustained interest in this topic. 

Figure 6 – Most relevant authors

Most relevant keywords
”Bioprinting” and “tissue engineering” are the 

most commonly used keywords by authors in the pe-
riod from 2016 to 2023 (Figure 7). The next most 
frequently used term is “3D printing.” Furthermore, 

terms such as “bioprinting” and “tissue engineering” 
demonstrate significant growth in occurrence. How-
ever, some terms, such as “gelatin” and “hyaluronic 
gel,” do not show such a pronounced increase in fre-
quency  of mention  (Figure 8).
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Figure 7 – Most frequently used author keywords.Each circle represents  
the relative frequency of each term’s usage in scientific publications

Figure 8 – Words` frequency over time
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Discussion 

This bibliometric analysis aims to illustrate the 
scope and characteristics of the scientific literature on 
3D bioprinting research in dentistry. The time frame 
for our analysis was determined based on the earliest 
articles available in the Scopus database, from 2016 
to 2023. Some notable findings include the contribu-
tion of world powers and institutions to 3D printing 
research in dentistry and medicine, authors and jour-
nals collaborating on research, and the most common 
keywords used by authors.

The analysis revealed a significant increase in 
the number of research articles on 3D bioprinting as 
an innovation in dentistry in recent years [ 10-11]. 
This upward trend indicates a growing recognition 
of the critical importance of understanding 3D print-
ing in dentistry. The increasing volume of scientific 
research underscores the urgent need to address the 
challenges associated with 3D bioprinting in den-
tistry on a global scale. These challenges include the 
development of new methods for treating and regen-
erating oral tissues. Much attention is also being paid 
to exploring innovative approaches to improving 
the effectiveness and quality of dental procedures, 
such as the creation of bioprinted dental implants 
and prosthetics[ 12-13].The field of 3D bioprinting 
in dentistry is actively evolving and gaining interest 
both nationally and internationally.China[ 14]., the 
USA[ 15]., South Korea[ 16].andJapan [ 17]stand 
out as the main leading countries in this area of re-
search, with high levels of publications and funding.
International scientific cooperation, especially be-
tweenChina and the USA[ 18], plays a key role in ad-
vancing science and technology in this field. It is also 
important to note the active participation of funding 
organizations, especially in China, which indicates a 
significant interest in the development of this tech-
nology. Countries actively publishing in this field 
are those with high income levels. This indicates that 
developed economies, with significant financial and 
technological resources, have the ability to conduct 
research in this area.

According to our bibliometric analysis, China 
has made a significant contribution to the field of 3D 
bioprinting, with several universities involved in re-
search, accounting for 50% of the total publications. 
Sichuan Medical University in China was the most 
active among institutes and medical institutions, rep-
resenting 32% of publications. It is important to note 
that mentioning a specific university emphasizes its 
significant contribution to scientific research. Au-

thors such as Chen J, Guo W and Zhang X [ 14.19.20] 
also played a key role, with three publications each, 
indicating China’s significant interest in this area.

Leading journals in the field of 3D bioprinting 
in dentistry include publications that specialise in 
cell biology, engineering and scientific journals that 
are dedicated to biomaterials. In addition, the jour-
nals included in the core sources are journals with 
high impact factors, indicating their high influence [ 
21-23]. The selection of such authoritative peer-re-
viewed publications is crucial to ensure the credibili-
ty of research findings, which in turn ensures the high 
quality of the presented data [ 24].This is important 
because many policymakers and healthcare providers 
rely on high-quality evidence to make decisions [25].
Authors also consider a number of factors when de-
ciding which journals to submit their work to. These 
factors include impact factor, JCR category and the 
availability of open access [ 26].

This study examined various complex concepts 
related to 3D bioprinting in dentistry and identified 
key terms used by authors. These key words, such 
as “bioprinting” and “tissue engineering”, have the 
highest number of mentions, indicating their high 
relevance and widespread use in the scientific liter-
ature. It is also worth noting other key terms such 
as “3D printing”, “bioink” and “periodontal regen-
eration”.

Conclusion 

Based on the provided information on 3D print-
ing in dentistry, it can be concluded that China 
makes a significant contribution to research in this 
field. Most of the countries actively involved in 
publishing articles belong to high-income countries. 
This may be associated with their higher economic 
growth and larger investments in the development 
of 3D technologies. China, leading the list, demon-
strates active participation in research, emphasizing 
its importance in the advancement of this technolo-
gy in dentistry.
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AUDIOMETRIC PROFILE AND CLINICAL CHARACTERISTICS  
OF HEARING IMPAIRMENT IN ADULTS AT NANGARHAR  

UNIVERSITY TEACHING HOSPITAL 

Abstract. Hearing loss (HL) is defined as a partial or total inability to perceive sounds in one or both 
ears, varying from mild to profound levels. This study aimed to determine the audiometric profile and 
clinical features of hearing loss among individuals who attended the Ear, Nose, and Throat Department 
at Nangarhar University Teaching Hospital (NUTH). This cross-sectional study involved 93 patients over 
a 15-month duration, from September 2023 to the end of November 2024. Adult patients aged 18 and 
older, presenting symptoms of hearing loss, were included in the study. Participants were divided into 
three age categories: 18-39 years (11.8%), 40-59 years (34.4%), and 60 years and older (53.8%). Males 
were 58.06%, and females were 41.93%. Individuals aged 60 and older showed the highest frequency of 
hearing loss, mostly with sensorineural hearing loss (40.86%), mixed hearing loss (8.60%), and conductive 
hearing loss (4.30%). Regarding laterality, 25.8% of patients had unilateral impairments, while 74.19% 
experienced bilateral hearing loss. Diabetes mellitus was present in 30.1% of the population, while hy-
pertension affected 35.48%. Regarding the severity of hearing loss, 30.10% reported mild hearing loss 
(26-40 dB), whereas moderate hearing loss (41-55 dB) represented 32.25%. Profound hearing loss (91 dB 
or greater) was uncommon, occurring in 2.15% of cases. Tinnitus was reported by 37.63%, while vertigo 
was observed in 13.97%, predominantly among individuals with sensorineural hearing loss. The research 
revealed that hearing loss is prevalent among individuals over 60 years of age, primarily of sensory-neu-
ral origin, frequently associated with tinnitus and vertigo. Bilateral hearing loss was more prevalent than 
unilateral hearing loss, particularly in individuals with comorbidities such as diabetes and hypertension.
Key words: Aging, Audiometry, Hearing loss, Type.

Introduction

The prevalence of hearing loss increases with 
age; approximately 25% of those aged 60 and above 
experience disabling hearing loss. By 2050, it is 
projected that a minimum of 700 million individu-
als will require hearing rehabilitation, while more 
than 2.5 billion people will experience some form 
of hearing loss. Unhealthy listening habits endanger 
almost 1 billion youth, exposing them to irreparable 
and preventable hearing damage. Approximately 430 
million persons, including over 5% of the global pop-
ulation, including 34 million children, require reha-
bilitation for the management of their disabling hear-
ing loss[1].Age-related hearing loss is progressive, 
common, and linked to poor cognitive and physical 
health outcomes[2]. Hearing impairment frequently 
receives insufficient attention or may remain unde-
tected; however, given its high prevalence and sig-
nificant impact on the quality of life for individuals 
with intellectual disabilities, it is crucial to address 
this issue[3]. Hearing impairment is a condition that 

may appear at any age, and the associations between 
specific risk factors and hearing impairment could 
develop with older age. The etiology of hearing im-
pairment is complex and diverse; that includes the 
combined impact of factors such as aging, genetics, 
epigenetics, environmental factors, health comor-
bidities, dietary habits, and lifestyle, along with the 
complex interactions among these elements that may 
contribute to its development[4]. Despite the consid-
erable frequency of hearing loss, numerous adults 
fail to find sufficient or early medical attention for 
their hearing impairments[5].Preventing hearing loss 
is crucial throughout all life stages, from gestation 
and the perinatal period to advanced age.Most causes 
of adult hearing loss, such as excessive noise expo-
sure and ototoxic drugs, are preventable[1].Untreated 
hearing loss can lead to depression, social isolation, 
and lower quality of life[6]. To reduce the adverse 
effects of HL and improve outcomes for those affect-
ed, early detection and intervention are essential[7]. 

Pure-tone audiometry (PTA) over daily listening 
frequencies can detect hearing loss degrees, config-
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urations, and types. The medical team can evaluate 
the cause, prognosis, and most effective treatment 
for hearing loss with this understanding[8]. PTA is 
an effective auditory assessment for finding an indi-
vidual’s hearing threshold levels and for diagnosing 
the degree, type, and configuration of hearing loss. 
PTA is a subjective and behavioral assessment of the 
auditory threshold determined by an individual’s re-
sponse to pure tone stimuli[9].

The annual investment must be less than US$ 
1.40 per person in order to expand aural and hear-
ing care services worldwide. Countries with low or 
middle incomes are home to nearly 80% of individu-
als who experience debilitating hearing loss[1]. The 
prevalence and underlying factors contributing to 
hearing loss among the adult population in low-to-
middle income countries, including Afghanistan, are 
not well-explored. This study aimed comprehensive 
descriptive analysis of hearing loss in individuals 
visiting Nangarhar University Teaching Hospital in 
Afghanistan. The studyfocused the demographics, 
audiometric profile, and clinical manifestations of 
hearing loss within this population. 

Aim: This study aimed to determine the audio-
metric profile and clinical characteristics of hearing 
loss in individuals attending the ear, nose, and throat 
department of Nangarhar University Teaching Hos-
pital.

Materials and Method

Study Design
This cross-sectional study involved 93 patients at 

the Otolaryngology Department of NUTH through-
out a 15-month duration, from September 2023 to 
November 2024. Adult patients aged 18 and older, 
presenting symptoms of hearing loss, were included 
in the study. The data collection included complete 
history, clinical examination, and PTA.

Data Collection
A standardized data-collecting form was used 

to record demographic and medical information, as 
well as audiometric data. The variables of interest in-
cluded age, gender, occupation, and type of hearing 
loss (conductive, sensorineural, or mixed), as well as 
related clinical symptoms such as tinnitus or verti-
go. Patients who had active otitis media, recent ear 
trauma, or insufficient clinical data were excluded. 
The study comprises all patients at the NUTH Audi-
ology Unit who have complaints or confirmed cases 
of hearing loss. We collected data from the Cello©In-
ventis computer-based audiometer database. Follow-

ing collection, data were input into Microsoft Excel 
and analyzed using SPSS 22.

Hearing Assessment
Pure Tone Audiometry was performed in a quiet 

environment utilizing a calibrated audiometer, fol-
lowing established protocols. Air conduction (AC) 
and bone conduction (BC) thresholds were assessed 
at frequencies from 250 Hz to 8 kHz. It has been 
used to assess auditory thresholds at frequencies 
of 250Hz, 500Hz, 1000Hz, 2000Hz, 4000Hz, and 
8000Hz, in accordance with the guidelines estab-
lished by the American Speech-Language-Hearing 
Association (ASHA).(https://www.asha.org)[10].
PTA was conducted in adults and youngsters ca-
pable of responding to instructions. Audiograms 
were utilized to determine the type of hearing loss 
by measuring the degree of hearing loss in each 
ear and identifying air-bone gaps (ABG). PTA was 
conducted just for patients identified with hearing 
impairment by clinical assessment and tuning fork 
testing. In this work, we utilized the Cello, a com-
puter-based diagnostic audiometer, to conduct pure 
tone audiometry (PTA). Hearing loss was catego-
rized according to the World Health Organization 
(WHO) grading system. The average thresholds for 
each ear at 500, 1000, and 2000 Hz, known as the 
pure tone average, have been calculated for audio-
gram interpretation[9, 11].

Statistical Analysis
The data were analyzed descriptively using 

means, frequencies, and percentages to summarize 
the characteristics of hearing loss in the study popu-
lation. The data was analyzed using SPSS version 22 
statistical software. Descriptive statistics were em-
ployed to describe demographic variables, clinical 
characteristics, and audiometric findings. Continuous 
variables, including age and audiometric thresholds, 
were expressed as mean ± standard deviation (±SD), 
whereas categorical variables, such as the type and 
degree of hearing loss, were represented as frequen-
cies and percentages.

Ethical Considerations
The study adhered to the ethical standards out-

lined in the Declaration of Helsinki. Participants pro-
vided informed consent before participation.

Result 

The study comprised 93 participants, divided 
into three age categories: 18-39 years (11.8%, n=11), 
40-59 years (34.4%, n=32), and 60 years and older 
(53.8%, n=50). The average ages for these groups 
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were 29.54 ± 4.66, 48.12 ± 3.72, and 66 ± 2.95 years, 
respectively. Males represented 58.06% (n=54), 
whereas females comprised 41.93% (n=39).

The predominant occupational categories were 
housewives (29.03%, n=27) and unemployed indi-
viduals (22.58%, n=21). Farmers represented 9.67% 
(n=9), while other professions contributed less, in-
cluding teachers (6.45%, n=6), shopkeepers (6.45%, 
n=6), policemen (6.45%, n=6), and drivers (5.37%, 

n=5). Other occupations, including cleaners, doctors, 
engineers, nurses, and mechanics, include fewer in-
dividuals.

Regarding laterality, 25.8% of patients demon-
strated unilateral difficulties, while 74.19% present-
ed with bilateral hearing loss. Diabetes mellitus was 
observed in 30.1% (n=28) of the population, while 
hypertension was present in 35.48% (n=33) (see Ta-
ble 1).

Table 1 – Characteristics of the Studied Population

Study Participants,N= 93
Age Categories 

18-39 years
N= 11 (11.8%)

40-59 years
N=32 (34.4%)

60≥ year
N=50 (53.8) Total (%)

Fre-
quencies

Percent-
ages

Frequen-
cies

Percent-
ages

Frequen-
cies

Percent-
ages

Frequen-
cies

Percent-
ages

Age (mean ±SD) 29.54± 4.66 48.12 ±3.72 66± 2.95

Gender 
Female 2 2.15 16 17.2 21 22.58 39 41.93
Male 9 9.67 16 17.2 29 31.18 54 58.06

Occupations

Cleaner 0 0.00 1 1.07 1 1.07 2 2.15
Doctor 0 0.00 1 1.07 2 2.15 3 3.22
Driver 3 3.22 1 1.07 1 1.07 5 5.37

Engineer 1 1.07 1 1.07 0 0.00 2 2.15
Farmer 0 0.00 1 1.07 8 8.60 9 9.67

House wife 1 1.07 6 6.45 20 21.5 27 29.03
Unem-
ployed 0 0.00 8 8.60 13 13.97 21 22.58

Mechanic 2 2.15 0 0.00 1 1.07 3 3.22
Nurse 1 1.07 0 0.00 0 0.00 1 1.07
Officer 1 1.07 2 2.15 3 3.22 6 6.45

Shopkeeper 0 0.00 6 6.45 0 0.00 6 6.45
Student 2 2.15 0 0.00 0 0.00 2 2.15
Teacher 0 0.00 5 5.37 1 1.07 6 6.45

laterality
Unilateral 9 9.67 10 10.75 5 5.37 24 25.8
Bilateral 2 2.15 22 23.65 45 48.38 69 74.19

Comorbidities

Diabetes 
Mellitus 5 5.37 9 9.67 14 15.05 28 30.1

Hyperten-
sion 0 0.00 14 15.05 19 20.43 33 (35.48)

The audiometric and clinical characteristics of 
the study population demonstrated different types of 
hearing loss across different age groups and severity 
levels. In the study group of participants aged 18-39 
years, 11.82% (n=11) exhibited hearing loss, which 
includes sensory-neural hearing loss (9.67%, n=9) 

and conductive hearing loss (2.15%, n=2). No cas-
es of mixed HL were reported in this group. Among 
individuals aged 40–59, 34.40% (n = 32) exhibit-
ed hearing loss, mainly of the sensory-neural type 
(23.65%, n = 22), followed by conductive (6.45%, n 
= 6) and mixed hearing loss (4.30%, n = 4) (Table 2). 
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Individuals aged 60 and older showed the high-
est prevalence of hearing loss, with 53.76% (n=50) 
affected. The predominant types were sensory-neu-

ral hearing loss (40.86%, n=38), mixed hearing loss 
(8.60%, n=8), and conductive hearing loss (4.30%, 
n=4) ( Figure 1). 

Figure 1 – Hearing loss among different age groups

In terms of hearing loss severity, 30.10% (n=28) 
exhibited mild hearing loss (26-40 dB), while moder-
ate hearing loss (41-55 dB) included 32.25% (n=30). 
Moderate to severe hearing loss (56-70 dB) was ob-
served in 24.73% (n=23) of cases, while severe hear-
ing loss (71-90 dB) was noted in 10.75% (n=10). 
Profound hearing loss (91 dB or higher) was uncom-
mon, observed in 2.15% (see Table 2).

Tinnitus was reported by 37.63% (n=35) of the 
population, with sensory-neural hearing loss show-
ing the highest prevalence at 29.03% (n=27). 

Vertigo was observed in 13.97% of cases, pre-
dominantly among patients with sensorineural hear-
ing loss (8.60%), followed by those with mixed hear-
ing loss (3.22%) and conductive hearing loss (2.15%) 
(table 2).

Sensory-neural hearing loss was the predominant 
type observed, particularly among older individuals, 
indicating that hearing loss advances with age. Tinni-
tus was the most common associated symptom, with 
the majority of cases classified as mild to moderate 
hearing loss.

Table 2 – Audiometric Profile and Clinical Characteristics
 

Study Participants, N= 93

Type of Hearing loss (HL)

Total (%)Conductive HL
 N=12 (12.9%)

Sensory Neural HL
N=69 (74.2%) 

Mixed HL
N= 12 (12.9%)

N % N % N %

Age (mean±SD)
18-39 years (29.54± 4.66) 2 2.15 9 9.67 0 0.00 11(11.82)
40-59 years (48.12 ±3.72) 6 6.45 22 23.65 4 4.30 32(34.40)

60≥ years (66± 2.95) 4 4.30 38 40.86 8 8.60 50(53.76)

Hearing Loss Degree

 Mild HL (26-40dB) 4 4.30 18 19.35 6 6.45 28(30.10)
Moderate HL(41-55dB) 3 3.22 27 29.03 0 0.00 30(32.25)

Moderate to Severe HL (56-70dB) 3 3.22 17 18.27 3 3.22 23(24.73)
Severe HL (71-90dB) 1 1.07 6 6.45 3 3.22 10(10.75)

profound HL(91 dB and above) 1 1.07 1 1.07 0 0.00 2(2.15)

Complaints 
Vertigo 2 2.15 8 8.60 3 3.22 13(13.97)
Tinnitus 5 5.37 27 29.03 3 3.22 35(37.63)
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Discussion 

The age distribution of participants in this study 
was significant, with a notable 53.8% aged 60 and 
older, highlighting the higher frequency of age-re-
lated hearing loss. Presbycusis, or age-related hear-
ing loss, can appear in the fourth decade of life and 
becomes more common with older age[12].The in-
creased proportion of older persons in our study lines 
up with the expected demographic distribution of age 
related hearingloss, as the prevalence of hearing loss 
increases with age[13]. This age distribution shows 
the relevance of age in hearing health research and 
clinical practice.

Males were 58.06% of the study’s population 
with hearing loss, while females were 41.93%. This 
gender distribution differs from particular findings 
reported in the other studies. Ude et al.reported that 
among newly diagnosed adults, the male-to-female 
ratio was 1:1.83, suggesting a greater prevalence of 
hearing loss in females[14]. Anwar et al. similarly 
found that males were more prone to hearing im-
pairment than females, with a male-to-female ratio 
of 2.54:1[15]. On the other hand, Shin and Hwang 
(2017) found that the correlation between mental 
health issues and hearing impairment varies based 
on age and gender. Older males with hearing loss 
showed a higher likelihood of depressive symptoms, 
while older females with hearing loss revealed a 
greater likelihood of suicidal thoughts [16]. Howev-
er, the recent study found a higher frequency among 
men. These variations point out the need for addi-
tional research to better understand the link between 
gender and hearing loss.

According to the current knowledge about 
age-related hearing loss, individuals aged 60 and 
above showed the highest prevalence of hearing im-
pairment, predominantly because of sensory-neural 
hearing loss. Presbycusis, often known as age-re-
lated hearing loss, is a common condition marked 
by a gradual decline in auditory function due to ag-
ing [17]. Various factors, including the cumulative 
effects of noise exposure, age-related alterations in 
the inner ear, and additional medical conditions, 
have been proposed to account for this issue[18]. 
The frequency of sensory-neural hearing loss in 
this older age group aligns with the typical pattern 
of age-related hearing loss, mostly affecting the 
auditory nerve or inner ear. This study highlights 
the prevalence of hearing loss in older individuals; 
however, further research is necessary to delineate 
the specific subtypes of sensorineural hearing loss 

and their underlying causes within this demographic 
[19]. The particular requirements of older individ-
uals with hearing loss can be addressed by utiliz-
ing this understanding to inform the development 
of management strategies and interventions. More-
over, research on the impact of HL on the cognitive 
capacities and overall quality of life of older indi-
viduals is essential for developing complete treat-
ment options [18]. 

The distribution of hearing loss severity in this 
study demonstrated that moderate hearing loss was 
prevalent in the sample, accounting for 32.25%. A 
significant percentage of individuals (30.10%) re-
ported mild hearing loss (26–40 dB). Kapoor et al. 
(2023) address a range of issues resulting from dif-
ferent levels of hearing loss, highlighting the impor-
tance of appropriate treatments and support services. 
The overall distribution of hearing loss severity in the 
population aligns with the slightly lower prevalence 
of profound hearing loss [20].

The literature showed an important connection 
between tinnitus and sensorineural hearing loss 
(SNHL), evidenced by the high prevalence of SNHL 
among individuals with tinnitus (29.03%). Multiple 
studies have demonstrated a correlation between 
sensorineural hearing loss and tinnitus. Tinnitus 
was identified as a prevalent symptom in individ-
uals with auditory neuropathy spectrum disorder in 
a study conducted by Muthukumar et al[21]. Simi-
larly, research on patients with chronic suppurative 
otitis media (CSOM) demonstrated a significant 
correlation between high-frequency hearing loss 
and tinnitus, even in individuals demonstrating nor-
mal cochlear function as per conventional audiome-
try[22]. This study reveals that tinnitus is less prev-
alent than in other studies. A South Korean study 
found that 92.1% of persons with mild hearing loss 
experienced annoying tinnitus[6]. Heterogeneous 
study populations, tinnitus criteria, and cultural 
difficulties in symptom reporting may explore this 
variation.

The prevalence of diabetes mellitus and hyperten-
sion among those who have hearing loss was found to 
be approximately 30.1% and 35.48 %, respectively, 
according to the findings of the study. These findings 
raise significant questions regarding the probable 
links between these two conditions. A large number 
of studies have been conducted to investigate the 
relationship between diabetes and hearing loss, and 
the findings indicate that those who have diabetes 
are more likely to experience hearing loss[23].The 
neurological and microvascular effects of diabetes, 
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which could damage the vulnerable structures of 
the inner ear, may explain this relationship[24].It is 
probable that hypertension and diabetes, might cause 
vascular damage in the inner ear, resulting in hear-
ing loss; however, the exact cause of this link is not 
known[25]. Future research should concentrate on 
assessing the impact of diabetes, hypertension, and 
additional cardiovascular risk factors on hearing loss. 
This will assist researchers in understanding the com-
plex connections that exist among different medical 
diseases and hearing loss.

Conclusion

The study revealed that hearing loss is more com-
mon in those over the age of 60, and it is primarily 
sensory-neural in nature, often accompanied by tinni-
tus and vertigo. Bilateral hearing loss was more com-
mon than unilateral hearing loss, as were coexisting 
conditions such as diabetes and hypertension. The 
majority of patients had moderate HL, highlighting 
the need for comprehensive hearing healthcare ser-
vices and specific treatment for this population.
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